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Microphone structure - 
Mikrofonirakenae — 
Mikrofonstruktur 

5 The invention relates in general to microphones. In particular the invention relates 
to microphones in mobile phones and their accessories. 

There is a general need to protect microphones against radio frequency (RF) distur- 
bances for ensuring the proper performance of the microphone i. Microphone of 
mobile phone or mobile phone accessory should furthermore be immune to RF dis- 

10 turbances at the frequencies the cellular system uses. Consider foi* example a head- 
set accessory of a mobile phone* It has a small earpiece connected to the mobile 
phone with a wire and the microphone of the headset mounted on j i stiff wire at suit- 
able distance from the earpiece so that the microphone can pick up the voice of the 
user. The user may carry the mobile phone in a pocket during a cdL If the user car- 

15 ries the mobile phone in a breast pocket of a shirt or a jacket, thv microphone of a 
headsel is very near the radio transmitter of tlie mobile phone. If he microphone is 
not adequately protected, it can demodulate the radio frequency signal, in which 
case the quality of audio signal may deteriorate. Furthermore, th^re is need to pro- 
tect microphones againsl electro-static discharge (ESD). 

20 Electret microphone is general type of microphones used in mobile phones and ac- 
cessories. An electret microphone contains t, preamplifier, typically a field efifect 
transistor (FET)^ and voice is converted to electrical signal by capacitance. Changes 
in the air pressure cause changes to the capacitance between a conductive plate and 
a conductive polarized foil. The conductive plate, the conductive f '>il, FET and olher 

25 microphone parts, which are typically capacitors, are typically pi iced in side a mi- 
crophone capsule. This capsule has typically two output contact; with which it is 
connected to external circuitry. 

Electret microphones are protected against 'RF dist\irbances and ESD in various 
ways. Figure 1 shows an example of a prior-art protection circuit. The circuit relates 

30 to a headset accessory of a mobile phone. In the Figure there caii be seen a micro- 
phone capsule 100, first protection circuit 110, a transmission lin ; 120 between the 
headset accessory and mobile device, second protection circuit 130 and microphone 
amplifier 140. The microphone capsule conta ns a electret micropioneMl compris- 
ing FET QI, which functions as preamplifier. The drain of FET is connected to first 

35 output contact OCl of microphone capsule and the drain of FET is connected to 
second output contact OC2 of microphone capsule. Further the microphone capsule 
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contains for RF-protection a capacitor Cll connected between tt e output contacts 
of microphone capsule. The capacitance of capacitor Cll is sm5ll. I'ogether with 
the stray inductance of capacitor it causes a series resonance at certam frequency 
band, which is arranged to including the transmitting band of the mobile phone in 
5 question. Then the parallel capacitor Cll att<:nuates disturbances occurring at said 
band. The problem here is that the RF prote<;tion works only at larrow frequency 
band. The layout of the microphone components on a circuit boiird inside capsule 
has to be done very carefully, and changes to the capacitance val ues of the capaci- 
tors, even changes within production tolerances, may cause the RF protection to 
1 0 shift out from the desired frequency band. 

The first protection circuit 110 is connected to first and second output contacts of 
microphone capsuL The circuit includes in su ccession from the m crophone capsule 
a series coil LI 1 at second output contact, a parallel BSD protector VDRl, a series 
coil L12 at first output contact and a parallel f^apacitor CI 2, The ijapacitor C12 and 

15 coil L12 are for filtering disturbances. The liSD protector is in in this example a 
voltage dependent resistor (VDR) or varistor. It's resistance drop 5 shorting the cir- 
cuit when a electro-static disturbance having relatively high energy arrives along the 
transmission line 120. The disadvantage of tl;e external varistor is that it has some 
internal capacitance, which couples with the capacitance of capacitor Cll causing a 

20 new resonance. This may lead to RF inuiitmit,r fiailures at some frequency band. For 
this reason there is coil Lll, e.g. a ferrite bead, in the protection circuit 110. It 
weakens said capacitive coupling and conresp>>nding resonance. H:>wever the induc- 
tance of coil LI 1 may cause significant resommces at certain othe: frequencies. It is 
possible to add a resistor Rl 1, instead of a coil, in series to one output conductor of 

25 the microphone capsule, to weaken said capaoitive coupling. Hov\ ever such a resis- 
tor should be very large to sustain an ESD jpulse- Small surface mounted resistors 
change their resistance and typically fail in ESD tests. Further ad ling a resistor be- 
tween the ESD protector and the microphone may cause the mici ophone more sus- 
ceptible to ESD. 

30 The second protection circuit 130 at the other end of headset cable is for protecting 
the actual microphone amplifier 140. The second protection circu t includes a series 
coil 1.13 and a parallel circuit forming of a i>apacitor C13 and a resistor R12 con- 
nected in scries. 

So in conventional design there may be several, up to ten addiiional components 
35 whose purpose is to protect the microphone from ESD and RF disturbances. The 
immunity to both ESD and RF disturbances is still inadequate, lly means of addi- 
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tional components are overcame some problems, but at the same time arise new dif- 
ficulties. The more components there are in the circait» the larger 5 ire the conductive 
loops of circuit and correspondingly the greater the susct ptibilily to RF- 
distiirbances. Further additional components make new resonance ]>roblems, 

5 The object of the invention is to present a microphone stmcture which is compact, 
relatively immune to radio frequency disturbances and protecte J against electro- 
static discharge. 

The basic idea of the invention is as follows: ^ Vn electro-static disc harge protector is 
placed close to microphone capsule, preferatly Inside it, between two output con- 
10 ductors of capsule. Parallel with the preamplifier there is a capacitor. Between this 
capacitor and said ESD-protector is a series resistor. The capacitor resistor and ESD 
protector form a low-pass filter protecting the microphone from raj lio fiequency dis- 
turbances. The filter structure may include also additional compontmts. 

A microphone structure according to the invention comprises a microphone capsule^ 
15 which has at least iirst and second ou^ut contact, and within said microphone cap- 
sule 

- means for converting changes in air pressure to an electrical signs J, 

- preamplifier having first and second output conductor and 

- a first capacitor connected between said out{tut conductors of the preamplifier, and 
20 is characterized in that it fiirther comprises an electro-static discha rge protector con- 
nected between said output contacts of micrc phone capsule and, within the micro- 
phone capsule, a first impedance in series between said first outjmt conductor and 
said first output contact 

The advantage of the invention is that when tl e ESD protector is j laced just close to 
25 the microphone capsule or within the microphone capsule, it functions both as an 
ESD protector and a part of a low-pass filter. Another advantage of the invention is 
that when the disturbances are filtered within the rxiicrophone ca]>sule, the conduc- 
tive capsule fimctions as a Faraday cage enlnmcing the RF-inununity of the micro- 
phone. Further advantage of the invention is tliat the conductive l(»ops of the protec- 
30 tive circuit are small making the circuit less susceptible to RF disturbances. A fiir- 
ther advantage of the invention is that for the capacitance values a re allowed greater 
tolerances than in known structures. This is caxised by the fact ttat the filter in ac- 
cordance with the invention attenuates distu rbances at wider frequency band than 
known protective structures inside microphojie capsule, A further advantage of the 
35 invention is that the internal capacitance of ihe ESD protector doesn't fomi above 
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mentioned problem in RF-immunity. On the contrary the intemal capacitance im- 
proves the RF-immunity, becaxise it is a part of said filter. A ftirther advantage of 
the invention is that the microphone in accon lance with it may function as an BSD 
protector for other components outside the microphone capsule, typically for the in- 
5 put stage of the microphone amplifier. A further advantage of th<: invention is that 
the stmcture according to it is relatively low in production costs because it has sev- 
eral components less than known microphor es with external protection circuitry, 
and all components needed can be mounted on the same circuit board inside micro- 
phone capsule. 

10 The invention will now be described more ia detail. In the description, reference 
will be made to the accompanying drawings Adhere 

Figure 1 shows an example of microphone circuit diagram acccrding to the prior 
art, 

Figure 2 shows an example of microphone circuit diagram accoiding to the inven- 
15 lion. 

Figure 3 shows another example of microplione circuit diagraii according to the 
invention. 

Figure 4 shows an example of layout of the circuit accordmg to I'igure 2^ 

Figure 5 shows an example of ESD-protection arrangement, 

20 Figiu*e6 presents measured audio disturbance level at frequeruy range 0,15-80 
MHz for the microphone structure according to Figure ] , 

Figure? presents measured audio disturbance level at frequency range 0.15-80 
MHz for the microphone structure according to inventic n. 

Figures presents measured audio disturbance level at frequency range 80-1000 
25 MHz for the microphone structure according to Figure : , and 

Figure 9 presents measured audio disturbance level at frequency range 80-1000 
MHz for the microphone structure :Lccording to Figure 



Figure 1 was already discussed in connection with the description Df the prior art. 

Figure 2 presents an example of microphone circuit diagram according to the inven- 
30 tion. It comprises a microphone capsule 200 containing an electr<;t microphone M2 
and in parallel with it a RF-protection a capacitor C2|, as in Figure 1. Further the 
microphone capsule contains an BSD protector VDR2 and a resis;or R21. The ESD 
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protector is between the output contacts of m icrophone capsul an l the resistor R21 
is in series wltb one output conductor betw£:en capacitor C21 aid ESD protector 
VDR2. Said three components form then a H-structure. The ca]>acitance of ESD 
protector is now exploited so that the O-struiiture fimctions a filter having rela- 
5 tively wide rejection band. Outside the microphone capsul are no w not needed any 
components. The circuit protects both the microphone M2 and ihv microphone am- 
plifier 240. Then a separate protection circuit iit the input of micro jhone amplifier is 
not needed, too. 

Figure 3 presents another example of microphone circuit diagram according to the 
10 invention. All parts presented are inside a microphone capsiile 300. The circuit is a 
ladder structure, which includes in the direction from output contacts OCl and OC2 
of the microphone capsule to the microphone M3 following parts: A parallel ESD- 
protector ZD, a series impedance Z, a parallel capacitor C33, a scries resistor R31s 
two parallel capacitors C32 and C3l^ and a n aerophone M3 com])rising a FET Q3. 
15 The said structure includes more loops than die structure in Figure 2, in which case 
there are wider possibilities to determine properties of the filter in question. The fil- 
ter can have yet more loops than presented in :?igure 3 . 

The impedance Z may be mainly resistive or mainly inductive. In latter case it may 
be e.g. a coil or a ferritc bead. The ESD-prote:tor is in this example a zener diode. It 
20 may be also another semiconductor or a polymer component. Th<i polymer compo- 
nent memis in this description and patent claians a component having small conduc- 
tive pieces in plastics and controlled breakdown characteristics. 

Tn the example of Figure 3 the stmcture parts zenerdiode ZD, part capacitor C33, 
resistor R31, capacitor C32 and capacitor C2il are integrated foiming one compo- 
25 nent IC. Because of the loops of the circuit are very small and ins de the conductive 
casing of the capsule they don't unpair the su5ceptibility to RF -disturbances. 

Figure 4 presents an example of layout of thi; circuit according to the invention. In 
Figure is seen enlarged a circuit board 41, on which there are components comiected 
in accordance with Figure 2. The reference characters, too, are name in Figures 4 

30 and 2. Capacitor C21, resistor R21 and varis:or VDT12 are chip components in this 
example. The circuit board 41 is placed inside the microphone cupsule 200, an ex- 
ample of wliich Is showed on different scale by the board 41 in Figure 4. Two out- 
put contacts OCl and 0C2 are enough in mi;rophone capsule, b< -cause of tlie elec- 
tret microphone needs, as known, no separ£te supply volLage. Of course into the 

35 capsule can be led a separate supply voltage, loo. 



apcinUX ; 2/ e/ O 1 S : 30 ; t>i5©eyoi PATREK AS XAKASPAl_ve UU ; Sxvu V 

02/06 '00 15:33 ®+358 5^1^701 OULITN PAT.TSTO ©OO? 



Figure 5 presents an example of ESD-protect^r outside the microphone capsule. In 
Figure can be seen a microphone capsule 503 and first and secoid output contact 
OCl, OC2. Further the structure comprises ar ESD-protector FTC: fastened accord- 
ing to invention on the bottom of microphoae capsule. The prctector FTC (feed 
5 through component) is in this example a cyli idrical piece having a hole with con- 
ductive surface in the direction of axis, and having conductive slieat which is gal- 
vanically connected to the casing of capsule. First output contac: extends through 
said hole. Second output contact is galvanicail/ connected to the cf ^ing of ca.psule. 

Figures 6-9 present results of tests, in which to the microphone circuit is supplied 
10 modulated high frequency signal At the poles of microphone is mcasxircd, how 
strong disturbance occurs at frequency 1 kHz In Figures is marked with horizontal 
line the boundary of hazardous distuifoance (-35 dBpa). 

Figure 6 shows the result of known structure according to Figure 1. The measured 
audio level is presented as a function of high frequency at the rang^ of 150 kHz — 80 
1 5 MHz. In Figure can be seen that the disturbin;; level stays below s aid boundary, but 
is quite near it at frequency 1,5 MHz. 

Figure 7 shows the result when the known nucrophone capsule is replaced with a 
microphone capsule according to the inventioti, Figure 2. Tlie capacitance C2 is 10 
pF, the resistance R21 is 47 Q and the internal capacitance of varistor VDR2 is 360 
20 pF. In Figure can be seen that the disturbing level stays at whole measuring range 
very near the noise level about —58 dBpa., ''Vhen the external components corre- 
sponding the circuit 110 in Figure 1 are remo^'^ed, the result is essentially same as in 
Figure 6. The better protection is then wholly achieved by the n-ti pe protection cir- 
cuit inside microphone capsule. 

25 Figure 8 shows the result of known structure according to Figure 1. The measuring 
frequency range is now 80 MHz - IGHz. In Figure can be seen that the disturbing 
level stays below said boundary, but is remarkable high at frequency bands about 
200 - 370 JVlHz and 470 - 520 MHz. 

Figure 9 shows the result when the known microphone capsule is replaced with a 
30 microphone capsule according to Figure 2 an i external protectior circuit 1 10 is re- 
moved. Also the protection circuit of microphone amplifier, as cir-uit 130 in Figure 
1, there is not. In Figure can be seen that dis turbances are disdir .ctly attenuated at 
frequency band 200 - 520 MHz compared with Figure 8. At fi:e }uency band 80 - 
100 MHz the disturbing level has rised. 
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Above it is described the basic solution according to the invention md some vari- 
ants thereof. The invention is not limited to th<; solutions described. E.g. the micro- 
phone may be also some other type as electret microphone. The protection circuit 
may comprise several ESD-protectors connected e.g. in a star. Thi inventional idea 
5 can be applied in different ways without departing from the scope < lefined by the in- 
dependent claim 1. 
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CLAIMS 

1. A microphone structure comprising a niicrophone capsule (200; 300), which 
has at least first and second output contact, and within said microplione capsule 

- means for converting changes in air pressure to an electrical signal, 
5 - preamplifier (Q2; Q3) having first and secon l output conductor aid 

" a first capacitor (C21; C31) connected betw een said output concuctors of the pre- 
amplifier, characterized in that it further comprises at least one clcctro-static dis- 
charge protector (VDR2; ZD) coimected belween said output contacts of micro- 
phone capsule and, within the microphone ca|)sule, a first impedajice (R21; R31) in 
1 0 series between said first output conductor and said first output conlact. 

2. A microphone structure according to claim 1, characterized in that said elec- 
tro-static discharge protector is within the mici ophone capsule. 

3. A microphone stmcture according to claim 1, characterized in that said elec- 
tro-slatic discharge protector is outside the nm rophone capsule, close by this- 

15 4. A microphone structure according to chim 1, characterize! I in that it further 
comprises at least second impedance (Z) in s^es with said first impedance and at 
least second capacitor (C33)- 

5. A microphone structure according to claim 4, characterize in that at least 
one of said series impedances is resistive. 

20 6. A microphone structure according to claim 4, characterize d in that at least 
one of said series impedances is inductive. 

7. A microphone structure according to cliim 4, characterized in that said ca- 
pacitors and stmcture parts having series impedance form a ladder network, 

8. A microphone structure according to claims 2 and 4^ charac rerized in that the 
25 preamplifier, electro-static discharge protector, sdd series structure parts and said 

capacitors are on the same circuit board (41). 

9. A microphone structure according to claim 4, characterized in tJiat at least 
some of said electronic structure parts are inside the same integrate d circuit (IC). 



30 



10. A microphone structure according to cLiim I, characterize) I in that the elec- 
tro-static discharge protector is a varistor (VDR2). 
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11. A TniCTOphone structure according to claim 1, characterizec. in that the elec- 
tro-static discharge protector is a semiconduct<'r (ZD). 

12. A microphone structure according to claim 1, characterizec in that the elec- 
tro-static discharge protector is a polymer component. 

5 13. A microphone structure according to clsim 1, characterizc<l in that the elec- 
tro-static discharge protector is a feed-thrnugh component (FTC), 

14. A microphone structure according to claim 1 having at least two electro-static 
discharge protectors, characterized in that electro-static discharge protectors form 
one of following connections: parallel, series, star. 



10 
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(57) Abstract 

A microphone structure comprisijijj a microphone (M) and 
an electro-static discharge protector (ZD) placed clos^ to 
niicrophone capsule (300), preferably inside it. Furthei the 
Structure comprises within the microphone capsule an e.g. 
laddcx-type filter having parallel capacitors (C31, C32^ 
C33) and series resistors or coils TtSl, Z) and protecting 
the microphone firom radio freque:icy disturbances. Struc- 
ture parts may may be on same cir<:uit board or in same in- 
tegrated circuit (IC)- Structure is less susceptible to KF dis- 
turbances than known structures arid it's production costs 
are lower. 
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